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EP 2 897 966 B1
Description

FIELD OF INVENTION

[0001] The present invention relates to a catalyst system. More particularly, the present invention relates to a solid
organomagnesium precursor for the catalyst system and process for preparing the same. The present invention also
provides a process for preparing a catalyst system using the solid organomagnesium precursor and its use thereof for
polymerization of olefins.

BACKGROUND OF INVENTION

[0002] Ziegler-Natta catalyst systems are well known for their capability to polymerize olefins. They in general consist
of a support which mostly is magnesium based onto which titanium component has been added along with organic
compound known as internal donor. This catalyst when combined with co-catalyst and/or external donor comprise of
the complete ZN catalyst system.

[0003] Ziegler-Natta catalyst system typically consists of transition metal halide normally titanium halide supported on
metal compound which is typically magnesium dichloride. Along with transition metal, there is an organic component
known as internal electron donor that plays a typical role during catalyst synthesis and polymerization. MgCl, carrier,
where the MgCl, is in active form, can be created by various methodologies. One of the methods is precipitating the
MgCl, from an organic solution where magnesium is present as a soluble compound. The soluble magnesium compound
can be achieved by starting from a magnesium alkyl and treating it with an alcohol. This step is then followed by
chlorination of Mg alkyl or alkoxy compounds by a chlorination agent. The magnesium carrier can also be precipitated
in the form of 'ready-made’ MgCl,. In that case the MgCl, has to be dissolved first in some suitable donor compound
and then precipitated in hydrocarbon solvent. The MgCl, support material can also be precipitated by chlorinating a
soluble magnesium alkyl compound simply by treating it with chlorine gas or hydrochloric acid. Once the desired spec-
ification of carrier is obtained, this is generally followed by titanation procedure which finally results in the catalyst
synthesis.

[0004] US4220554 of Montedison describes the process of synthesizing the catalyst by treating Ti compounds with
a spherical carrier which consists of Mg compound having the formula X ,Mg(OR),_,. X,Mg(OR),_, is synthesized by in
reacting, in a single step, Mg metal, the organic halide and the orthosilicic acid ester. This product is isolated and then
treated with halide of aromatic acid which is again isolated and treated with Ti compound for formation of catalyst. This
catalyst is evaluated for propylene polymerization. This route applies the usage of orthosilicic ester for generation of
magnesium alkoxy halide compound and focuses on the particle shape as well as size of the catalyst.

[0005] US4727051 of Stauffer Chemical Company discloses the process for synthesis of X,Mg(OR),_, by preparing
an alkanol adduct of a magnesium halide, reacting the product of this step with metallic magnesium, and drying the
product. The compositions are then evaluated for as catalysts of olefin polymerization. The main disadvantage of this
process is the usage of magnesium halides and large amount of alcohols.

[0006] US4820672 of Lithium Corporation of America describes the process for producing magnesium halide alcohol
complex by reacting in an ether free hydrocarbon reaction medium, magnesium metal, dialkyl magnesium, alkyl mag-
nesium halide, alkyl magnesium alkoxide, magnesium dialkoxide and alkoxy magnesium halide with an anhydrous
hydrogen halide in the presence of chlorosubstituted alcohol. Further this complex is used for synthesis of ZN catalyst.
The main disadvantage of this process is a large number of steps are involved for magnesium halide alcohol synthesis
and further the usage of hydrogen halide which is difficult to handle. US4820879 further describes the process where
alkoxy magnesium halides are formed by reacting preactivated magnesium with alcohol at higher temperatures and
then treating it with hydrogen halides. Here also usage and handling of hydrogen halide is quite troublesome.

[0007] US4792640 discloses a process for synthesis of solid hydrocarbyloxymagnesium halides which is ether free,
where preactivated (with iodine) magnesium metal is reacted with alkyl halide for some time and then addition of alcohol
is done dropwise and finally refluxed. The solid product is filtered, dried and analyzed. Here the Grignard is stabilized
in hydrocarbon. These patents contains no information on the activity of the ZN catalyst synthesized thereof.

[0008] US5081320 of Akzo NV describes the synthesis of alkoxymagnesium halides from secondary alcohol containing
alkyl branching on the alpha carbon atom which is soluble in inert hydrocarbon. The process involves heating inert
hydrocarbon solvent, secondary alcohol and ethanol with magnesium halide (MgCl,) to dissolve the magnesium halide.
Magnesium metal is then added along with additional solvent to prepare a soluble alkoxymagnesium halide. One dis-
advantage of this process is one need to prepare soluble magnesium alkoxide in order to further react the magnesium
metal. US5108972 discloses the process of synthesis of alkoxymagnesium halide using non Grignard route where they
react magnesium halide and magnesium alkoxide in excess of alcohol. Further magnesium source can also be added
which is generated through dialkylmagnesium in hydrocarbon. Main disadvantage of this process is usage of expensive
raw materials and large number of steps. The patent describes the process of synthesizing the magnesium compounds



10

15

20

25

30

35

40

45

50

55

EP 2 897 966 B1

only.

[0009] US5414158 of Witco GmbH describes the one step synthesis of alkoxymagnesium halides in an inert hydro-
carbon by reacting preactivated magnesium with small quantities of magnesium alkyl, with almost equimolar mixture of
an alkyl halide and an alkanol. The obtained product is in excess of 90%. In this process first magnesium needs to be
activated with magnesium alkyl at high temperature and then addition is carried out dropwise to the alkylhalide and
alkanol mixture. One disadvantage of this process is requirement of expensive magnesium alkyl for activation which is
also difficult to handle and further the extra addition of alkanol after the reaction to reduce viscosity. This patent describes
the synthesis of alkoxymagnesium halide only and doesn’t state the usage of the same as precursor for ZN catalyst.
[0010] EP1273595 of Borealis describes the process for synthesis of catalyst by reacting dialkylmagnesium with
monohydric alcohol followed by dicarboxylic acid dihalide and chlorinated hydrocarbons. After washing and isolation of
this product, it is further treated with titanium compound for the formation of ZN catalyst which shows activity for propylene
polymerization. The main disadvantage of this process is usage of expensive dialkylmagnesium and its handling. This
patent is mainly on the usage of emulsion stabilizer for controlling the particle size and shape.

[0011] US7135531 of BASF discloses the process for the synthesis of spherical catalyst which essentially contains
titanium, internal donor and a support made from a magnesium compound, an alcohol, ether, a surfactant, and an alkyl
silicate. The magnesium compound mainly magnesium dichloride is dissolve in alcohol at higher temperature and then
treated with ether at lower temperature followed by addition of emulsifier at still lower temperature. This is then treated
with silicate and titanium compound and final catalyst is ready after washing and drying. The main disadvantage of this
process is higher alcohol content and expensive raw materials.

[0012] US2009/0306315 of SABIC discloses the process for preparing a polymerization catalyst which is synthesized
by reacting Mg (OR"),Cl,_,, which is obtained by reacting a Grignard compound with an alkoxy or aryloxy silane compound,
with electron donor in the presence of inert dispersant to give an intermediate reaction product which is then treated
with titanium halide to give the final catalyst which shows activity for olefin polymerization. This process has main
disadvantage that its involves large number of steps which mainly consists of first solubilizing the magnesium compound
and then solidifying before making final catalyst.

[0013] EP0294354 of Lithium Corporation of America discloses a process for producing a hydrocarbyloxymagnesium
halides having formula ROMgX by reacting activated magnesium metal with an oxygen containing compound of 1 to 20
carbon atoms and an anhydrous hydrogen halide under anhydrous conditions, in an inert atmosphere and in a hydro-
carbon reaction medium. Here the solvating agents are hydrocarbons like n-heptane to stabilize the Grignard and there
is no information on the usage of hydrocarbyloxymagnesium halides thereof.

[0014] EP1403292 of Borealis Polymers OY describes the process for preparing a particulate olefin polymerisation
catalystcomponent, particularly one comprising a Group 2 metal preferably magnesium. The obtained catalyst component
is useful for preparing a catalyst, the activity maximum of which is shifted to a higher temperature for polymerisation of
olefins. Here the obtained Ziegler-Natta type catalyst is in the form of particles. Used organohalides are carboxylic acid
halides and solvating agents are aromatic or a mixture of aromatic and aliphatic hydrocarbon.

[0015] WO1992016533 of Schering AG discloses a process for the preparation of alkoxymagnesium halogeniden in
a single step by stoichiometrically reacting pre-activated magnesiumalkyl compound with an equimolar mixture of alkyl-
halogenide and an alkanol in an inert hydrocarbon under an inert gas atmosphere. Obtained compound is in liquid state,
which is difficult to handle as to obtain storage stability additional alcohol is required to lower the viscosity. The Solvating
agents are hydrocarbons only. In addition stoichiometrical nature of the reaction required unusual attention.

[0016] Thus, it would be desirable to provide a solid organometallic precursor compound for synthesis of a catalyst
for polymerization of olefins that could be synthesized through a single step process using less expensive raw materials
and lower alcohol content. Further, it would be desirable if the organometallic compound could be isolated, without any
further purification and used as a precursor for making olefin polymerization catalyst which is highly active with low
xylene solubility and excellent hydrogen response.

SUMMARY OF INVENTION

[0017] Accordingly the present invention provides a process for preparation of a solid organomagnesium precursor
having formula {Mg(OR’)X}.a{MgX5}.b{Mg(OR’),}.c{R’'OH}, wherein R’ is selected from a hydrocarbon group, Xis selected
from a halide group, and a:b:c is in range of 0.01-0.5: 0.01 - 0.5: 0.01 - 5, said process comprising contacting a
magnesium source with a solvating agent, an organohalide and an alcohol to obtain the solid organomagnesium pre-
cursor, wherein the solvating agent is selected from a group comprising of dimethyl ether, diethyl ether, dipropyl ether,
diisopropyl ether, ethylmethyl ether, n-butylmethyl ether, n-butylethyl ether, di-n-butyl ether, di-isobutyl ether, isobutyl-
methyl ether, and isobutylethyl ether, dioxane, tetrahydrofuran, 2-methyl tetrahydrofuran, tetrahydropyran and combi-
nation thereof.

[0018] The present disclosure also provides a process for preparation of a catalyst composition, said process com-
prises:
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(a) contacting a solution of transition metal compound represented by M(OR"’)pX4_p, where M is a transition metal
and selected from Ti, V, Zr, and Hf; X is a halogen atom; R"™ is a hydrocarbon group and p is an integer having value
equal or less than 4 and where M is preferably titanium with the solid organomagnesium precursor having formula
{Mg(OR’)X}.a{MgX,}.b{Mg(OR’),}.c{R’OH}, wherein R’ is selected from a hydrocarbon group, X is selected from a
halide group, and a:b:c is in range of 0.01-0.5: 0.01 - 0.5: 0.01 - 5, to obtain the resulting solution and contact
temperature of the solid organomagnesium precursor and the transition metal compound is between about -50°C
and about 150°C, and preferably between about -30°C and about 120°C;

(b) adding an internal donor either to the organomagnesium precursor component or to the titanium component and
the contact time of the said component with the internal electron donor is either immediate or at least 1 minutes to
60 minutes at contact temperature of between about -50°C and about 100°C, and preferably between about -30°C
and about 90°C;

(c) treating the resulting solution obtained in the step (a) with a solution comprising a neat titanium component or a
titanium component in a solvent and recovering a solid titanium catalyst component and maintaining the same at a
temperature value in the range of 100 to 120°C for about 10 to 60 minutes; and

(d) optionally repeating step (c) for a predetermined number of times and then washed sufficiently with inert solvent
at temperature 20°C to 90°C to obtain a solid catalysts composition.

[0019] The present disclosure also provides a process for preparation of a Ziegler-Natta catalyst system, said process
comprising contacting the catalyst composition as obtained above with at least one cocatalyst, and at least one external
electron donor to obtain a Ziegler-Natta catalyst system.

[0020] The present disclosure also provides a method of polymerizing and/or copolymerizing olefins, said method
comprising the step of contacting an olefin having C2 to C20 carbon atoms under a polymerizing condition with the
Ziegler-Natta catalyst system as obtained above.

BRIEF DESCRIPTION OF DRAWING

[0021] Figure 1 illustrates NMR spectra for the compound {Mg(OR’)X}.a{MgX,}.b{Mg(OR’),}.c{R’OH}.

DETAILED DESCRIPTION OF INVENTION

[0022] While the invention is susceptible to various modifications and alternative forms, specific embodiment thereof
will be described in detail below. It should be understood, however that it is not intended to limit the invention to the
particular forms disclosed, but on the contrary, the invention is to cover all modifications, equivalents, and alternative
falling within the scope of the invention as defined by the appended claims.

[0023] The present invention discloses solid organometallic compound and a process of preparation of the solid
organomagnesium compound. Further according to the present invention the organomagnesium compound acts as a
precursor for Ziegler-Natta catalyst system and there is provided a process for synthesis of the catalyst system using
the precursor thereof. Catalyst compositions and systems synthesized from organomagnesium compounds are able to
polymerize olefins. The solid organomagnesium compound according to the present invention provides precursor based
catalyst system has high activity, excellent hydrogen response, high selectivity and better co-monomer distribution.
[0024] According to the presentinvention, the solid organomagnesium compound is prepared by a single step process
first by generating Grignard reagent followed by reacting with an alcohol. The isolated solid organomagnesium compound
when contacted with metal compound M where M can be selected from Ti,V, Zr, Hf and along with the internal electron
donors provide the catalyst system. The solid organomagnesium compound synthesis according to the present invention
is achieved with reduced alcohol content without any further purification step. This catalyst system comprising of the
said component have high activity for olefin polymerization with excellent hydrogen response and high stereospecificity.
[0025] Further, the present disclosure relates to the synthesis of Ziegler-Natta catalysts by using solid organomagne-
sium compound as a precursor. The Ziegler-Natta catalyst according to the present disclosure is prepared through
precipitation, physical blending of solid mixtures, and in situ formation of halogenating agents. The resulting catalyst
exhibits high activity for olefin polymerization with excellent hydrogen response.

[0026] Further, the disclosure provides a process of polymerizing and/or copolymerizing the olefin using the catalyst
produced through the process mentioned in the disclosure.

[0027] Accordingly the present invention provides a process for preparation of a solid organomagnesium precursor
having formula {Mg(OR’)X}.a{MgX,}.b{Mg(OR’),}.c{R’OH}, wherein R’ is selected from a hydrocarbon group, Xis selected
from a halide group, and a:b:c is in range of 0.01-0.5: 0.01 - 0.5: 0.01 - 5, said process comprising contacting a
magnesium source with a solvating agent, an organohalide and an alcohol to obtain the solid organomagnesium pre-
cursor,

wherein the solvating agentis selected from a group comprising of dimethyl ether, diethyl ether, dipropyl ether, diisopropyl
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ether, ethylmethyl ether, n-butylmethyl ether, n-butylethyl ether, di-n-butyl ether, di-isobutyl ether, isobutylmethyl ether,
and isobutylethyl ether, dioxane, tetrahydrofuran, 2-methyl tetrahydrofuran, tetrahydropyran and combination thereof.
In one of the preferred embodiment, a solid organomagnesium precursor obtained according to the process of the
presentinvention having formula {Mg(OR’)X}.a{MgX,}.b{Mg(OR’),}.c{R’OH}, wherein R’ is selected from a hydrocarbon
group, X is selected from a halide group, and a:b:c is in range of 0.01-0.5:0.01-0.5:0.01-5
[0028] The solid organomagnesium precursor can be prepared as shown in below scheme 1:

Scheme -1

Mg-—-——-} RMgX* = MgX,+R, Mg

/{OH /KDH

MgX,.nR'OH Mg(OR’

Iy
Y
{Mg(OR’)X}.a{MgX,}.b{Mg(OR’),}.c{ROH}

wherein,

Mg - Magnesium Metal

RX - Alkyl Halide

RMgX - Grignard Reagent

*Intermediates

R’OH- Alcohol

Ratio of a:b:c is in range of 0.01-0.5:0.01-0.5:0.01-5
R and R’ is selected from a hydrocarbon groups;

X is halogen selected from ClI, Bror |

n is an integer having value 1 - 10

[0029] According to the present invention, the process involves contacting magnesium source with organohalide
compound and solvating agent for particular time and at particular temperature followed by reacting with alcohol. The
magnesium source used in the present invention includes, not limited to, for example

a) the magnesium metal in form of powder, granules, ribbon, turnings, wire, blocks, lumps, chips;

b) the dialkylmagnesium compounds such as dimethylmagnesium, diethylmagnesium, diisopropylmagnesium, dib-
utylmagnesium, dihexylmagnesium, dioctylmagnesium, ethylbutylmagnesium, and butyloctylmagnesium;

c) alkyl/aryl magnesium halides such as methylmagnesium chloride, ethylmagnesium chloride, isopropylmagnesium
chloride, isobutylmagnesium chloride, tert-butylmagnesium chloride, benzylmagnesium chloride, methylmagnesium
bromide, ethylmagnesium bromide, isopropylmagnesium bromide, isobutylmagnesium bromide, tert-butylmagne-
sium bromide, hexylmagnesium bromide, benzylmagnesium bromide, methylmagnesium iodide, ethylmagnesium
iodide, isopropylmagnesium iodide, isobutylmagnesium iodide, tert-butylmagnesium iodide, and benzylmagnesium
iodide.

[0030] These magnesium compounds may be in the liquid or solid state. The magnesium compound is preferably
magnesium metal.

[0031] In an embodiment of the present invention, the organohalide which is contacted with magnesium compound,
includes, not limited to, for example

a) the alkyl halides such as methyl chloride, ethyl chloride, propyl chloride, isopropyl chloride, 1,1-dichloropropane,
1,2-dichloropropane, 1,3-dichloropropane, 2,3-dichloropropane, butyl chloride, 1,4-dichlorobutane, tert-butylchlo-
ride, amylchloride, tert-amylchloride, 2-chloropentane, 3-chloropentane, 1,5-dichloropentane, 1-chloro-8-iodoctane,
1-chloro-6-cyanohexane, cyclopentylchloride, cyclohexylchloride, chlorinated dodecane, chlorinated tetradecane,
chlorinated eicosane, chlorinated pentacosane, chlorinated triacontane, iso-octylchloride, 5-chloro-5-methyl decane,
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9-chloro-9-ethyl-6-methyl eiscosane;
b) the halognetaed alkyl benzene/ benzylic halides, such as benzyl chloride and a,a’ dichloro xylene;

wherein the alkyl radical contains from about 10 to 15 carbon atoms, and the like as well as the corresponding bromine,
fluorine and iodine substituted hydrocarbons.

[0032] These organohalides may be used alone or in the form of mixture thereof. The organohalide is preferably benzyl
chloride or butyl chloride or their mixtures thereof.

[0033] In an embodiment of the present invention, the solvating agent which stabilizes the Grignard, includes, not
limited to, for example dimethyl ether, diethyl ether, dipropyl ether, diisopropyl ether, ethylmethyl ether, n-butylmethyl
ether, n-butylethyl ether, di-n-butyl ether, di-isobutyl ether, isobutylmethyl ether, and isobutylethyl ether, dioxane, tet-
rahydrofuran, 2-methyl tetrahydrofuran, tetrahydropyran and combination thereof.. These solvating agents may be used
alone or in the form of mixture thereof. The preferred solvating agent is diethyl ether or tetrahydrofuran or their mixture.
[0034] In an embodiment of the present invention, the components may be added in any order, highly preferably,
magnesium followed by solvating agent, organohalide, and alcohol.

[0035] In an embodiment of the present invention, the reaction process can be done as single step such as reacting
the components in one pot or multiple steps such as reacting magnesium, organic halide and solvating agent first and
then addition of alcohol or reacting magnesium with solvating agent followed by addition of organic halide and alcohol,
separately or as a mixture.

[0036] The quantity of organohalide depends upon the quantity of magnesium source used. According to the preferred
embodiment, the magnesium source is reacted with the said organohalide in a molar ratio of between 1:20 to 1:0.2,
preferably between about 1:10 to 1:0.5, more preferably, between 1:4 to 1:0.5. In another embodiment, the magnesium
source and solvating agent are taken as molar ratio of between 1:20 to 1:0.2, preferably between about 1:15 to 1:1,
more preferably, between 1:10 to 1:1. Another embodiment of the present invention, formation of homogeneous solution
of magnesium component in solvating agent such as ether is desirable. For attaining this, the magnesium source,
organohalide, solvating agent are contacted at temperature preferably between about -20°C and about 200°C, and
preferably between about -10°C and about 140°C, more preferably between -10°C to 100°C. Usually, the contact time
is for about 0.5 to 12 h.

[0037] Inan embodiment of the presentinvention, reaction promoters like iodine, the organohalides, inorganic halides,
nitrogen halides, and a mixture thereof; such as

a) the inorganic halides like CuCl, MnCl,, AgCl; and
b) the nitrogen halides like N-halide succinimides, trihaloisocynauric acid acompounds, N-halophthalimide and
hydrantoin compounds.

[0038] In an embodiment, the alcohol contacted includes, aliphatic alcohols, alicyclic alcohols, aromatic alcohols,
aliphatic alcohols containing an alkoxy group, diols and mixture thereof; not limited to, for example,

a) the aliphatic alcohols such as methanol, ethanol, propanol, butanol, iso-butanol, t-butanol, n-pentanol, iso-pen-
tanol, hexanol , 2-methylpentanol, 2-ethylbutanol, n-heptanol, n-octanol, 2-ethylhexanol, decanol and dodecanol,
b) the alicyclic alcohols such as cyclohexanol and methylcyclohexanol,

c) the aromatic alcohols such as benzyl alcohol and methylbenzyl alcohol,

d) the aliphatic alcohols containing an alkoxy group, such as ethyl glycol, butyl glycol;

e) the diols such as catechol, ethylene glycol, 1,3-propanediol, 1,4-butanediol, 1,5-pentanediol, 1,8-octanediol, 1,2-
propanediol, 1,2-butanediol, 2,3-butanediol 1,3-butanediol, 1,2-pentanediol, p-menthane-3,8-diol, 2-methyl-2,4-
pentanediol.

[0039] The alcohols may be used alone or in the form of mixture thereof. The preferred alcohol is 2-ethyl-1-hexanol
and its mixture thereof.

[0040] In an embodiment of the invention, the alcohol is added after the reaction of magnesium source with solvating
agent and organohalide; or

wherein the organohalide is added after the reaction of magnesium with solvating agent followed by addition of alcohol; or
wherein a mixture or the organohalide and alcohol is added after the reaction of magnesium with solvating agent.
[0041] The quantity of alcohol depends upon the quantity of magnesium compound used. According to the preferred
embodiment, the magnesium source along with organohalide is reacted with the said alcohol in a molar ratio of between
1:20 to 1:0.2, preferably between about 1:10 to 1:0.5, more preferably, between 1:4 to 1:0.5. In another embodiment of
the present invention, formation of homogeneous solution of magnesium component in alcohol is desirable. For attaining
this, the solution obtained by reacting magnesium compound, organohalide, in solvating agent is contacted with alcohol
compound at temperature preferably between about 0°C and about 150°C, and more preferably between about 10°C
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and about 120°C. The preferred contact time according to the invention, is for about 0.5 to 12 h.

[0042] The presentinvention provides the process of preparation of stable solid organomagnesium compound. In an
embodiment, the process involves contacting magnesium compound with organohalide compound and solvating agent
for particular time and at particular temperature followed by reacting with alcohol. In an embodiment, the addition of
organohalide, solvating agent and alcohol can be one shot, dropwise and/or controlled. In an embodiment, the resulting
stable solid organomagnesium precursor solution can be isolated from solvating agent either using reduced pressure
with and/or without heating, through precipitation, recrystallization. In another embodiment, the precipitated solid can
be either used directly or in solution form for catalyst synthesis where in the solvent used for dissolving solid can be
from the following group but not limited to polar and non polar aliphatic and/or aromatic hydrocarbons and combination
thereof.

[0043] The presentinvention provides the process of preparation of stable solid organomagnesium compound. In an
embodiment, the process involves contacting magnesium compound with organohalide compound and solvating agent
for particular time and at particular temperature followed by reacting with alcohol. In an embodiment, the resulting
organomagnesium compound can be dissolved in polar organic solvents and precipitated in organic solvents for examples
not limiting to linear, branched, aromatic, cyclic, ring substituted, halide substituted alkanes and the likes, preferably non
polar organic solvents or vice versa. In another embodiment, the precipitation methodology can be adopted during any
stage of precursor synthesis for example but not limiting to, reacting magnesium with organic halide in solvating agent
followed by precipitation in the mixture of alcohol and precipitating solvent or vice versa, or reacting magnesium with
organic halide in solvating agent followed by addition of alcohol and then precipitating in precipitating solvent or vice versa.
[0044] Further, the present disclosure provides a catalyst composition. The catalyst composition includes combination
of a magnesium moiety, other metal moiety and an internal donor. The magnesium moiety includes the stable solid
organomagnesium compound of the present invention. The other metal moiety can be a main group metal or a transition
metal, or a transition metal of IlIB - VIIIB element. In an embodiment, the transition metal is selected from, Ti, V, Zr,,
and Hf, preferably, Ti.

[0045] In one of the embodiment, the present disclosure provides a process for preparation of a catalyst composition,
said process comprises:

(a) contacting a solution of transition metal compound represented by M(OR’) X,_,, where M is a transition metal
and is selected from a group comprising of Ti, V, Zr, and Hf, preferably Ti; X is a halogen atom; R" is a hydrocarbon
group and p is an integer having value equal or less than 4, with the solid organomagnesium precursor component
of present invention to obtain a resulting solution and contact temperature of solid organomagnesium precursor and
the transition metal compound is between about -50°C and about 150°C, and preferably between about -30°C and
about 120°C;

(b) adding aninternal donor either to the solid organomagnesium precursor component or to the titanium component,
preferably to organomagnesium compound; and the contact time of the said component with the internal electron
donor immediate or is at least 1 minutes to 60 minutes at contact temperature of between about -50°C and about
100°C, and preferably between about -30°C and about 90°C;

(c) treating the resulting solution obtained in the step (a) with a solution comprising a titanium component in a solvent
and recovering a solid titanium catalyst component and maintaining the same at a temperature value in the range
of 100 to 120°C for about 10 to 60 minutes; and

(d) optionally repeating step (c) for a predetermined number of times and then washed sufficiently with inert solvent
at temperature 20°C to 80°C to obtain a solid catalysts composition.

[0046] In yet another embodiment of the present disclosure, the transition metal compound represented by
M(OR"),X4.p is selected from a group comprising of transition metal tetrahalide, alkoxy transition metal trihalide/aryloxy
transition metal trihalide, dialkoxy transition metal dihalide, trialkoxy transition metal monohalide, tetraalkoxy transition
metal, and mixtures thereof; wherein:

(a) the transition metal tetrahalide is selected from a group comprising of titanium tetrachloride, titanium tetrabromide
and titanium tetraiodide and the likes for V, Zr and Hf;

(b) alkoxy transition metal trihalide/aryloxy transition metal trihalide is selected from a group comprising of methox-
ytitanium trichloride, ethoxytitanium trichloride, butoxytitanium trichloride and phenoxytitanium trichloride and the
likes for V, Zr and Hf;

(c) dialkoxy transition metal dihalide is diethoxy titanium dichloride and the likes for V, Zr and Hf;

(d) trialkoxy transition metal monohalide is triethoxy titanium chloride and the likes for V, Zr and Hf; and

(e) tetraalkoxy transition metal is selected from a group comprising of tetrabutoxy titanium and tetraethoxy titanium
and the likes for V, Zr and Hf.
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[0047] The present disclosure also provides a process for preparation of a Ziegler-Natta catalyst system, said process
comprising contacting the catalyst composition as obtained above with at least one cocatalyst, and at least one external
electron donor to obtain a Ziegler-Natta catalyst system.

[0048] The present disclosure also provides a method of polymerizing and/or copolymerizing olefins, said method
comprising the step of contacting an olefin having C2 to C20 carbon atoms under a polymerizing condition with the
Ziegler-Natta catalyst system as obtained above.

[0049] The present disclosure provides the catalyst composition which includes combination of magnesium moiety,
titanium moiety and an internal donor. The magnesium moiety includes the stable solid organomagnesium compound
of the present invention. In an embodiment, the disclosure provides the method of synthesis of olefin polymerizing
catalyst, comprising of reacting the organomagnesium compound with liquid titanium compound which includes tetrav-
alent titanium compound represented as Ti (OR)pX4_p where X can be halogen selected from Cl or Bror I, R is a
hydrocarbon group and p is an integer varying from 0-4. Specific examples of the titanium compound include, not limited
to titanium tetrahalides such as titanium tetrachloride, titanium tetrabromide, titanium tetraiodide; alkoxytitanium trihal-
ide/aryloxytitanium trihalide such as methoxytitanium trichloride, ethoxytitanium trichloride, butoxytitanium trichloride,
phenoxytitanium trichloride; dialkoxy titanium dihalides such as diethoxy titanium dichloride; trialkoxytitanium monohalide
such as triethoxy titanium chloride; and tetraalkoxytitanium such as tetrabutoxy titanium, tetraethoxy titanium, and mix-
tures thereof, with titanium tetrachloride being preferred. The titanium compounds may be used alone or in the form of
mixture thereof.

[0050] According to the present disclosure, the magnesium moiety includes the stable solid organomagnesium com-
pound. In an embodiment, the contact of organomagnesium compound with titanium compound can be either neat or
in solvent which can be chlorinated or non chlorinated aromatic or aliphatic in nature examples not limiting to benzene,
decane, kerosene, ethyl benzene, chlorobenzene, dichlorobenzene, toluene, o-chlorotoluene, xylene, dichloromethane,
chloroform, cyclohexane and the like, comprising from 5 to 95 volume percent. In another embodiment, the stable solid
organomagnesium compound can be used as solid or in solvent which can be chlorinated or non chlorinated aromatic
or aliphatic in nature examples not limiting to benzene, decane, kerosene, ethyl benzene, chlorobenzene, dichloroben-
zene, toluene, o-chlorotoluene, xylene, dichloromethane, chloroform, cyclohexane and the like, comprising from 5 to 95
volume percent.

[0051] In an embodiment, either the titanium compound is added to the organomagnesium compound or vice-verse,
preferably, organomagnesium compound is added to titanium compound.

[0052] In another embodiment, this addition is either one shot or dropwise or controlled. In another embodiment, the
contact temperature of organomagnesium and titanium compound is preferably between about -50°C and about 150°C,
and more preferably between about -30°C and about 120°C.

[0053] The liquid titanium compound helps in the formation of amorphous MgCl, as it acts as halogenating agent as
well as is dispersed and supported on the catalyst surface. Moreover, the removal of alkoxy group from the solution,
results in the precipitation of the solid component, having especially desired surface properties and particle shape. More
important, the particles are uniform in shape. In an embodiment, the titanium compound is added in amounts ranging
from usually about at least 1 to 200 moles, preferably, 3 to 200 moles and more preferably, 5 mole to 100 moles, with
respect to one mole of magnesium.

[0054] While preparing the catalyst composition, magnesium component is contacted with the titanium component
along with the internal donor to get the solid titanium component. In one embodiment, magnesium and titanium component
can be made to come in contact with the internal electron donor.

[0055] In another embodiment, the solid titanium catalyst component is made by contacting a magnesium compound
and a titanium compound in the presence of an internal electron donor compound.

[0056] In still another embodiment, the solid titanium catalyst component is made by forming a magnesium based
catalyst support optionally with the titanium compound and optionally with the internal electron donor compound, and
contacting the magnesium based catalyst support with the titanium compound and the internal electron donor compound.
[0057] The present disclosure provides the catalyst composition which includes combination of magnesium moiety,
titanium moiety and an internal donor. The magnesium moiety includes the stable solid organomagnesium compound.
In an embodiment, internal electron donor is selected from phthalates, benzoates, diethers, succinates, malonates,
carbonates, and combinations thereof. Specific examples include, but are not limited to di-n-butyl phthalate, di-i-butyl
phthalate, di-2-ethylhexyl phthalate, di-n-octyl phthalate, di-i octyl phthalate, di-n-nonyl phthalate, methyl benzoate, ethyl
benzoate, propyl benzoate, phenyl benzoate, cyclohexyl benzoate, methyl toluate, ethyl toluate, p-ethoxy ethyl benzoate,
p-isopropoxy ethyl benzoate, diethyl succinate, di-propyl succinate, diisopropyl succinate, dibutyl succinate, diisobutyl
succinate, diethyl malonate, diethyl ethylmalonate, diethyl propyl malonate, diethyl isopropylmalonate, diethyl butyl-
malonate, diethyl 1,2-cyclohexanedicarboxylate, di-2-ethylhexyl 1,2-cyclohexanedicarboxylate, di-2- isononyl 1,2-cy-
clohexanedicarboxylate, methyl anisate, ethyl anisate and diether compounds such as 9,9-bis(methoxymethyl)fluorene,
2-isopropyl-2-isopentyl-1,3-dimethoxypropane, 2,2-diisobutyl-1,3-dimethoxypropane, 2,2-diisopentyl-1,3- dimethoxy-
propane, 2-isopropyl-2-cyclohexyl- 1 ,3-dimethoxypropane, preferably di-iso-butyl phthalate.
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[0058] The "internal electron donor" is a compound that is added during the formation of catalyst composition where
it is acting as Lewis base i.e. donating the electron pairs to the metal present in the catalyst composition. The internal
electron donor stabilizes the primary crystallites of magnesium dihalide which is generated in-situ. Apart from this, the
internal donor also being better Lewis base have preferred coordination with the higher acidity coordination sites on
magnesium dihalide matrix which in turn avoid the coordination of titanium and hence prevents the formation of inactive
sites. They also increase the activity of low active sites. This in all enhances the catalyst stereoselectivity. All internal
electron donor compounds commonly used in the art can be used in the present disclosure. In another embodiment,
the internal electron donor is used in an amount of from 0 to 1 moles, preferably from 0.01 to 0.5 moles, with respect to
one mole of magnesium.

[0059] The present disclosure provides the catalyst composition which includes combination of magnesium moiety,
titanium moiety and an internal donor. The magnesium moiety includes the solid organomagnesium compound. In an
embodiment, the addition of internal is either to the organomagnesium compound or to the titanium component, preferably
to organomagnesium compound. The contact temperature of internal donor depends upon to which component it is
being added. In an embodiment, the contact time of the desired component with the internal electron donor is either
immediate or at least 1 minutes to 60 minutes at contact temperature of preferably between about -50°C and about
100°C, and more preferably between about -30°C and about 90°C. in another embodiment, the internal donor may be
added in single step or in multiple steps.

[0060] The contact procedure for titanium and magnesium component is slowly with dropwise addition at desired
temperature and then heated to activate the reaction between both the components.

[0061] In a preferred embodiment, this reaction system is gradually heated to the temperature effective to carry out
the reaction, preferably about -50°C and about 150°C, and more preferably about -30°C and about 120°C, and heating
is instigated at a rate of 0.1 to 10.0°C/minute, or at a rate of 1 to 5.0°C/minute. The resultant is the solid component in
the solvent comprising of magnesium, titanium and halogen components.

[0062] The procedure of contacting the titanium component may be repeated one, two, three or more times as desired.
In an embodiment, the resulting solid material recovered from the mixture can be contacted one or more times with the
mixture of liquid titanium component in solvent for at least 10 minutes up to 60 minutes, at temperature from about 25°C
to about 150°C, preferably from about 30°C to about 110°C.

[0063] The resulting solid component comprising of magnesium, titanium, halogen, alcohol and the internal electron
donor can be separated from the reaction mixture either by filtration or decantation and finally washed with inert solvent
to remove unreacted titanium component and other side products. Usually, the resultant solid material is washed one
or more times with inert solvent which is typically a hydrocarbon including, not limiting to aliphatic hydrocarbon like
isopentane, isooctane, hexane, pentane or isohexane. In an embodiment, the resulting solid mixture is washed one or
more times with inert hydrocarbon based solvent preferably, hexane at temperature from about 20°C to about 80°C,
preferably from about 25°C to about 70°C. The solid catalyst can be separated and dried or slurried in a hydrocarbon
specifically heavy hydrocarbon such as mineral oil for further storage or use.

[0064] In an embodiment, the catalyst composition includes from about 2.0 wt % to 20 wt % of internal electron donor,
titanium is from about 0.5 wt % to 10.0 wt% and magnesium is from about 10 wt% to 20 wt %.

[0065] The presentdisclosure provides the catalyst system for polymerization of olefins. Inthe embodiment, the method
of polymerization process is provided where the catalyst system is contacted with olefin under polymerization conditions.
The catalyst system includes catalyst composition, organoaluminum compounds and external electron donors. The
catalyst composition includes combination of magnesium moiety, titanium moiety and an internal donor. The magnesium
moiety includes the stable solid organomagnesium compound.

[0066] Further, the present disclosure provides a method of polymerizing and/or copolymerizing olefins where the
catalyst system is contacted with olefin under polymerization conditions. The catalyst system includes catalyst compo-
sition, cocatalyst and external electron donors. The catalyst composition includes combination of magnesium moiety,
titanium moiety and an internal donor. The magnesium moiety includes the stable solid organomagnesium compound.
The co-catalyst may include hydrides, organoaluminum, lithium, zinc, tin, cadmium, beryllium, magnesium, and combi-
nations thereof. In an embodiment, the preferred co-catalyst is organoaluminum compounds.

[0067] In another embodiment the catalyst system includes catalyst composition, organoaluminum compounds and
external electron donors. The catalyst composition includes combination of magnesium moiety, titanium moiety and an
internal donor. The magnesium moiety includes the stable solid organomagnesium compound.

[0068] The olefins according to the present disclosure includes from C2-C20. The ratio of titanium (from catalyst
composition): aluminum (from organoaluminum compound): external donor can be from 1: 5-1000:0-250, preferably in
the range from 1:25-500:25-100.

[0069] The present disclosure provides the catalyst system. The catalyst system includes catalyst component, orga-
noaluminum compounds and external electron donors. In an embodiment, the organoaluminum compounds include,
not limiting, alkylaluminums such as trialkylaluminum such as preferably triethylaluminum, triisopropylaluminum, tri-
isobutylaluminum, tri-n-butylaluminum, tri-n- hexylaluminum, tri-n-octylaluminum; trialkenylaluminums such as triisopre-
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nyl aluminum; dialkylaluminum halides such as diethylaluminum chloride, dibutylaluminum chloride, diisobutylaluminum
chloride and diethyl aluminum bromide; alkylaluminum sesquihalides such as ethylaluminum sesquichloride, butylalu-
minum sesquichloride and ethylaluminum sesquibromide; dialkylaluminum hydrides such as diethylaluminum hydride
and dibutylaluminum hydride; partially hydrogenated alkylaluminum such as ethylaluminum dihydride and propylalumi-
num dihydride and aluminoxane such as methylaluminoxane, isobutylaluminoxane, tetraethylaluminoxane and tetrai-
sobutylaluminoxane; diethylaluminum ethoxide.

[0070] The mole ratio of aluminum to titanium is from about 5:1 to about 1000:1 or from about 10:1 to about 700:1, or
from about 25:1 to about 500:1.

[0071] The present disclosure provides the catalyst system. The catalyst system includes catalyst component, orga-
noaluminum compounds and external electron donors. The external electron donors are organosilicon compounds,
diethers and alkoxy benzoates. The external electron donor for olefin polymerization when added to the catalytic system
as a part of co-catalyst retains the stereospecificity of the active sites, convert non-stereospecific sites to stereospecific
sites, poisons the non-stereospecific sites and also controls the molecular weight distributions while retaining high
performance with respect to catalytic activity. The external electron donors which are generally organosilicon compounds
includes but are not limited to trimethylmethoxysilane, trimethylethoxysilane, dimethyldimethoxysilane, dimethyldiethox-
ysilane, diisopropyldimethoxysilane, diisobutyldimethoxysilane, t-butylmethyldimethoxysilane, t-butylmethyldiethoxysi-
lane, t-amylmethyldiethoxysilane, dicyclopentyldimethoxysilane, diphenyldimethoxysilane, phenylmethyldimethoxysi-
lane, diphenyldiethoxysilane, bis-o-tolydimethoxysilane, bis-m-tolydimethoxysilane, bis-p-tolydimethoxysilane, bis-p-
tolydiethoxysilane, bisethylphenyldimethoxysilane, dicyclohexyldimethoxysilane, cyclohexylmethyldimethoxysilane, cy-
clohexylmethyldiethoxysilane, ethyltrimethoxysilane, ethyltriethoxysilane, vinyltrimethoxysilane, methyltrimethoxysi-
lane, n-propyltriethoxysilane, decyltrimethoxysilane, decyltriethoxysilane, phenyltrimethoxysilane, gamma-chloropro-
pyltrimethoxysilane, methyltriethoxysilane, ethyltriethoxysilane, vinyltriethoxysilane, t-butyltriethoxysilane, n-butyltri-
ethoxysilane, iso-butyltriethoxysilane, phenyltriethoxysilane, gamma-aminopropyltriethoxysilane, chlorotriethoxysilane,
ethyltriisopropoxysilane, vinyltributoxysilane, cyclohexyltrimethoxysilane, cyclohexyltriethoxysilane, 2-norbornanetri-
methoxysilane, 2-norbornanetriethoxysilane, 2-norbornanemethyldimethoxysilane, ethyl silicate, butyl silicate, trimeth-
ylphenoxysilane, and methyltriallyloxysilane, cyclopropyltrimethoxysilane, cyclobutyltrimethoxysilane, cyclopentyltri-
methoxysilane,  2-methylcyclopentyltrimethoxysilane,  2,3-dimethylcyclopentyltrimethoxysilane,  2,5-dimethylcy-
clopentyltrimethoxysilane, cyclopentyltriethoxysilane, cyclopentenyltrimethoxysilane, 3-cyclopentenyltrimethoxysilane,
2,4-cyclopentadienyltrimethoxysilane, indenyltrimethoxysilane and fluorenyltrimethoxysilane; dialkoxysilanes such as
dicyclopentyldimethoxysilane, bis(2-methylcyclopentyl)dimethoxysilane, bis(3-tertiary butylcyclopentyl)dimethoxysi-
lane, bis(2,3-dimethylcyclopentyl)dimethoxysilane, bis(2,5-dimethylcyclopentyl)dimethoxysilane, dicyclopentyldiethox-
ysilane, dicyclobutyldiethoxysilane, cyclopropylcyclobutyldiethoxysilane, dicyclopentenyldimethoxysilane, di(3-cy-
clopentenyl)dimethoxysilane, bis(2,5-dimethyl-3-cyclopentenyl)dimethoxysilane, di-2,4-cyclopentadienyl)dimethoxysi-
lane, bis(2,5-dimethyl-2,4-cyclopentadienyl)dimethoxysilane, bis(1-methyl-1-cyclopentylethyl)dimethoxysilane,
cyclopentylcyclopentenyldimethoxysilane, cyclopentylcyclopentadienyldimethoxysilane, diindenyldimethoxysilane,
bis(1,3-dimethyl-2-indenyl)dimethoxysilane, cyclopentadienylindenyldimethoxysilane,  difluorenyldimethoxysilane,
cyclopentylfluorenyldimethoxysilane and indenylfiuorenyldimethoxysilane; monoalkoxysilanes such as tricyclopentyl-
methoxysilane, tricyclopentenylmethoxysilane, tricyclopentadienylmethoxysilane, tricyclopentylethoxysilane, cy-
clopentylmethylmethoxysilane, dicyclopentylethylmethoxysilane, dicyclopentylmethylethoxysilane, cyclopentyldimeth-
ylmethoxysilane, cyclopentyldiethylmethoxysilane, cyclopentyldimethylethoxysilane, bis(2,5-dimethylcyclopentyl)cy-
clopentylmethoxysilane, dicyclopentylcyclopentenylmethoxysilane, dicyclopentylcyclopentenadienylmethoxysilane, di-
indenylcyclopentylmethoxysilane and ethylenebis-cyclopentyldimethoxysilane; aminosilanes such as aminopropyltri-
ethoxysilane, n-(3-triethoxysilylpropyl)amine, bis [(3-triethoxysilyl)propyl]Jamine, aminopropyltrimethoxysilane, amino-
propylmethyldiethoxysilane, hexanediaminopropyltrimethoxysilane.

[0072] In an embodiment, the external electron donor, other than organosilicon compounds include, but not limited to
amine, diether, esters, carboxylate, ketone, amide, phosphine, carbamate, phosphate, sulfonate, sulfone and/ or sul-
phoxide.

[0073] The external electron donor is used in such an amount to give a molar ratio of organoaluminum compound to
the said external donor from about 0.1 to 500, preferably from 1 to 300.

[0074] In the present disclosure, the polymerization of olefins is carried out in the presence of the catalyst system
described above. The catalyst system is contacted with olefin under polymerization conditions to produce desired polymer
products. The polymerization process can be carried out such as by slurry polymerization using an inert hydrocarbon
solvent as a diluent, or bulk polymerization using the liquid monomer as a reaction medium and in gas-phase operating
in one or more fluidized or mechanically agitated bed reactors. In an embodiment, polymerization is carried out as such.
In another embodiment, the copolymerization is carried out using at least two polymerization zones.

[0075] The catalyst of the disclosure can be used in the polymerization of the above-defined olefin CH,=CHR, the
examples of said olefin include ethylene, propylene, 1-butene, 4-methyl-1-pentene, 1-hexene, and 1-octene.

[0076] In particular, said catalyst can be used to produce, the following products such as high-density polyethylene

10



10

15

20

25

30

35

40

45

50

55

EP 2 897 966 B1

(HDPE, having a density higher than 0.940 g/cm3), which includes ethylene homopolymer and copolymer of ethylene
and a-olefins having 3 to 12 carbon atoms; linear low-density polyethylene (LLDPE, having a density lower than 0.940
g/cm3), and very low density and ultra low density polyethylene (VLDPE and ULDPE, having a density lower than 0.920
g/cm3, and as low as 0.880 g/cm3), consisting of the copolymer of ethylene and one or more a-olefins having 3 to 12
carbon atoms, wherein the molar content of the unit derived from ethylene is higher than 80%; elastomeric copolymer
of ethylene and propylene, and elastomeric terpolymers of ethylene, propylene and butene-1 as well as diolefins at a
small ratio, wherein the weight content of the unit derived from ethylene is between about 30% and 70%; isotactic
polypropylene and crystalline copolymer of propylene and ethylene and/or other a-olefins, wherein the content of the
unit derived from propylene is higher than 85% by weight (random copolymer); impact propylene polymer, which are
produced by sequential polymerization of propylene and the mixture of propylene and ethylene, with the content of
ethylene being up to 40% by weight; copolymer of propylene and 1-butene, containing a great amount, such as from 10
to 40 percent by weight, of unit derived from 1-butene. It is especially significant that the propylene polymers produced
by using the catalysts of the disclosure have high isotactic index.

[0077] The polymerization is carried out at a temperature from 20 to 120° C, preferably from 40 to 80° C. When the
polymerization is carried out in gas phase, operation pressure is usually in the range of from 5 to 100 bar preferably
from 10 to 50 bar. The operation pressure in bulk polymerization is usually in the range of from 10 to 150 bar, preferably
from 15 to 50 bar. The operation pressure in slurry polymerization is usually in the range of from 1 to 10 bar, preferably
from 2 to 7 bar. Hydrogen can be used to control the molecular weight of polymers.

[0078] In the present disclosure, the polymerization of olefins is carried out in the presence of the catalyst system
described in the disclosure. The described catalyst can be directly added to the reactor for polymerization or can be
prepolymerized i.e. catalyst is subjected to a polymerization at lower conversion extent before being added to polymer-
ization reactor. Prepolymerization can be performed with olefins preferably ethylene and/or propylene where the con-
version is controlled in the range from 0.2 to 500 gram polymer per gram catalyst.

[0079] In the present disclosure, the polymerization of olefins in presence of the described catalyst system leads to
the formation of polyolefins having xylene solubility (XS) ranging from about 0.2% to about 15%. In another embodiment,
polyolefins have xylene solubility (XS) from about 2% to about 8%. Here XS refers to the weight percent of polymer that
get dissolves into hot xylene generally for measuring the tacticity index such as highly isotactic polymer will have low
XS % value i.e. higher crystallinity, whereas low isotactic polymer will have high XS % value.

[0080] In an embodiment of the disclosure, the catalyst efficiency (measured as kilogram of polymer produced per
gram of catalyst) of the described catalyst system is at least about 30. In another embodiment, the catalyst efficiency of
the described catalyst system is at least about 60.

[0081] The present disclosure provides the catalyst system. The catalysts system when polymerizes olefins provides
polyolefins having melt flow indexes (MFI) of about 0.1 to about 100 which is measured according to ASTM standard
D1238. In an embodiment, polyolefins having MFI from about 0.5 to about 30 are produced.

[0082] The present disclosure provides the catalyst system. The catalysts system when polymerizes olefins provides
polyolefins having bulk densities (BD) of at least about 0.3 cc/g.

[0083] The following non-limiting examples illustrate in details about the invention. However, they are, not intended
to be limiting the scope of present invention in any way.

Example 1

Preparation of organomagnesium compound

[0084] In 500 ml glass reactor maintained at 0°C, calculated amount of magnesium (powder or turnings) were weighed
and added into the reactor followed by diethyl ether followed by addition of calculated amount of organohalide.. This
mixture was stirred and after the activation of the reaction, the mixture was allowed to be maintained at same temperature
until all magnesium has reacted. To the resulting solution, the calculated amount of alcohol was added dropwise over
a period of 1-2 h. After the completion of addition, the solution was allowed to stir for another 0.5 h. Finally, the ether
was evaporated and solid compound was analyzed.

[0085] The organomagnesium compounds synthesized by the above procedure have been tabulated in Table 1.
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[0086] Table 1 represents the conditions for preparation of the solid organomagnesium compound using different
alcohols and organohalides under different reaction conditions.

Example 2

Preparation of the catalyst component

[0087] To 60 mlof TiCl, solution maintained at desired temperature, added 100 ml of the organomagnesium precursor
along with internal donor (ID/Mg = 0.11 moles) over a period of 10 min and stirred. After the system has attained the
desired temperature, the resultant solution was maintained at the same temperature for 15 min. The resultant solution
was clear orange in color. Gradually the reaction temperature was increased to 110°C and maintained for 1h. After
settling and decantation, the suspended solid was again treated with 60ml TiCl, and 60ml chlorobenzene and after
temperature reached 110°C, the mixture was maintained under stirring for 15 minutes. The above step was again
repeated. After the reaction was finished, the solid was decanted and washed sufficiently with hexane at 70°C, respectively
and further dried under hot nitrogen till freely flowing.

[0088] The solid catalysts composition synthesized by the above procedure has been tabulated in Table 2.

TABLE 2

Catalyst | Precursor Precursor & Internal Remark Ti Mg Donor

TiCl, contact donor (Wt%) | (wt%) | (wt%)

temperature °C | addition

°C

ZN#102 | MGP#27 40 90 4.5 15.2 19.3
ZN#119 | MGP#45 -5 -5 26 15.8 24.3
ZN#120 | MGP#37 -5 -5 3.3 18.7 10.5
ZN#121 MGP#37 -5 -5 Three titanation @110°C 29 17.4 17.0
ZN#129 | MGP#37 -5 -5 two titanation @ 120°C 3.1 16.4 20.1
ZN#131 MGP#37 -5 -5 Three titanation @ 120°C - 2.8 17.5 17.0

1st. 60 ml TiCl,; 2d : 40 ml
TiCl, ; 3 : 20 ml TiCl,
ZN#132 | MGP#37 | -5 -5 Three titanation @ 120°C | 3.8 165 | 17.0

Two stage DIBP addition at
1sttitanation - 1st@ -5°C; 2nd

@ 70°C
ZN#133 | MGP#37 | -5 5 Three titanation @ 120°C | 2.7 167 | 205
ZN#134 | MGP#37 | -5 5 Three titanation @110°C 5.2 187 | 3.1

Two stage DIBP addition at
1sttitanation - 1st@ -5°C; 2nd

@ 70°C
ZN#135 | MGP#37 -5 -5 Three titanation @110°C 25 18.0 13.6
ZN#145 | MGP#37 -5 -5 Three titanation @ 110°C; 3.0 18.2 12.5
TiCl4(40 ml)
ZN#146 | MGP#37 -5 -5 Three titanation @ 110°C; 49 11.9 17.5
Diether as internal donor
ZN#149 | MGP#64 -5 -5 Three titanation @110°C 22 11.5 11.1
ZN#150 | MGP#61 -5 -5 Three titanation @110°C 2.3 17.5 15.4
ZN#152 | MGP#37 -5 -5 Three titanation @110°C 3.3 17.5 15.2
ZN#153 | MGP#37 -5 -5 Three titanation @ 110°C; 25 18.6 14.4

Temp ramping from -5°C to
110°C in 50 min
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(continued)

Catalyst | Precursor Precursor & Internal Remark Ti Mg Donor
TiCl, contact donor (Wt%) | (wt%) | (wt%)
temperature °C | addition

°C
ZN#154 | MGP#66 -5 -5 Three titanation @110°C 3.9 14.6 14.2
ZN#156 | MGP#67 -5 -5 Three titanation @ 120°C 25 15.9 14.4
ZN#157 | MGP#66 -5 -5 Three titanation @ 110°C; 3.1 18.1 8.7
(DIBP/Mg = 0.05moles)

ZN#158 | MGP#67 -5 -5 Three titanation @ 110°C; 1.8 15.7 17.7
(DIBP/Mg = 0.05moles)

ZN#159 | MGP#66 -5 -5 Three titanation @ 100°C; 2.8 17.5 12.2
(DIBP/Mg = 0.05moles)

ZN#160 | MGP#66 -5 -5 Three titanation @ 100°C; 3.1 17.1 12.2
(DIBP/Mg = 0.05moles)

ZN#161 MGP#66 -5 -5 Three titanation @110°C; 1.1 16.8 14.5
(DIBP/Mg = 0.05moles)

ZN#162 | MGP#66 -5 -5 Three titanation @110°C 2.1 16.9 13.5

ZN#164 | MGP#66 -5 -5 Three titanation @110°C; 2.8 17.5 12.2
Additional chlorobenzene
washing before hexane
washing

ZN#165 | MGP#66 -5 -5 Three titanation @ 110°C; 29 16.9 14.1

ZN#168 | MGP#66 -5 -5 Three titanation @110°C; 2.1 13.5 14.1
(TilMg = 6.7)

ZN#169 | MGP#66 -5 -5 Three titanation @110°C; 3.6 15.3
MGP dissolved in decane

ZN#170 | MGP#66 -5 -5 Three titanation @110°C; 27 17.2
MGP dissolved in mineral oil

ZN#171 MGP#66 -5 -5 Three titanation @ 110°C; 29 18.5 12.7
(DIBP/Mg = 0.05moles)

ZN#172 | MGP#66 -5 -5 Three titanation @ 100°C 27 14.8 13.3

ZN#173 | MGP#66 -5 -5 Three titanation @110°C 1.3 18.0 11.9

filtered

ZN#175 | MGP#66 -5 -5 Three titanation @ 110°C; 26 17.2 10.4

Charging of TiCl, to MGP/ID
solution
ZN#176 | MGP#66 -5 -5 Three titanation @ 110°C; 26 16.9 10.8
Charging of TiCl, to MGP/ID
solution
ZN#179 | MGP#67 -5 -5 Three titanation @ 110°C; 27 18.4 15.2
RPM 500
ZN#180 | MGP#67 -5 -5 Three titanation @ 110°C; 26 17.6
RPM 250
ZN#188 | MGP#75 -5 -5 Three titanation @110°C 27 18.3 12.5
ZN#189 | MGP#75 -20 -20 Three titanation @110°C 24 16.7 14.4
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(continued)

Catalyst | Precursor Precursor &
TiCl, contact
temperature °C

Internal
donor
addition
°C

Remark

Ti
(wt%)

Mg
(wt%)

Donor
(wt%)

ZN#191 MGP#75 -20

-20

Three titanation @ 110°C;
Temp ramping from -20°C to
110°C in 60 min

34

17.1

ZN#192 | MGP#75 -20

Three titanation @ 110°C;
Temp ramping from -20°C to
110°C in 120 min

3.1

17.1

14.6

ZN#193 | MGP#75 -20

Three titanation @ 110°C;
Temp ramping from -20°C to
110°C in 30 min

3.0

17.4

13.6

ZN#194 | MGP#75 -20

Three titanation @ 110°C;
Temp ramping from -20°C to
110°C in 120 min; RPM 250

3.1

17.1

15.5

ZN#194 | MGP#75 -20

Three titanation @ 110°C;
Temp ramping from -20°C to
110°C in 120 min; RPM 175

25

17.3

14.2

ZN#195 | MGP#75 -20

Three titanation @ 110°C;
Temp ramping from -20°C to
110°C in 120 min; RPM 750

22

16.0

16.1

ZN#196 | MGP#76 -20

Three titanation @ 110°C;
Temp ramping from -20°C to
110°C in 120 min

23

17.5

14.5

ZN#207 | MGP#84 -20

Three titanation @ 110°C;
Temp ramping from -20°C to
110°C in 120 min

1.3

15.5

ZN#207 | MGP#83 -20

Three titanation @ 110°C;
Temp ramping from -20°C to
110°C in 120 min

1.3

19.1

ZN#209 | MGP#85 -20

Three titanation @ 110°C;
Temp ramping from -20°C to
110°C in 120 min

1.8

18.5

9.3

ZN#218 | MGP#75 -20

Three titanation @ 110°C;
Temp ramping from -20°C to
110°C in 120 min

25

18.6

12.6

ZN#288 | MGP#137 | -5

Three titanation @ 110°C;
Temp ramping from -5°C to
110°C

24

194

[0089] Table 2 represents the preparation of solid catalyst using organomagnesium compound as precursor under

different reaction conditions.
Example 3

Slurry polymerization of propylene

[0090] Propylene polymerization was carried outin 1 L Buchi reactor which was previously conditioned under nitrogen.
The reactor was charged with 250 ml of dry hexane containing solution of 10 wt% triethylaluminum followed by 100 ml
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of dry hexane containing 10 wt% solution of triethylaluminum, 5 wt% solution of cyclohexy methyl dimethoxysilane and
weighed amount of catalyst. The reactor was pressurized with hydrogen to 60 ml then charged with 71 psi of propylene
under stirring at 750 rpm. The reactor was heated to and then held at 70°C for 2 hour. At the end, the reactor was vented
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and the polymer was recovered at ambient conditions.
[0091] Catalyst performance and polymer properties has been tabulated in Table 3

TABLE 3
CATALYST POLYMERIZATION POLYMER ANALYSIS
Cat No Cat wt (mg) | Al/Tiratio | H2 ml | Al/Do ratio | Activity kgPP/gcat | MFI@2.16 kg | XS wt% | BD g/cc
ZN#102 15.5 250 10 20 5.8 - 42
ZN#121 14.2 500 10 20 11 - 2.0 0.41
10.5 500 10 20 13.3 5.3 3.2 0.40
10.5 500 10 30 14.3 48 3.7 0.41
10.3 500 10 10 13.2 4.1 2.1 0.40
10.2 500 10 5 124 3.6 5.5 0.42
10.2 500 10 40 104 - 6.6 0.41
10.6 500 0 30 7.7 - 42 0.40
ZN#129 10.6 500 10 20 10.6 2.6 3.0 0.27
ZN#131 10.6 500 10 20 6.9 25 2.0 0.36
ZN#132 10.3 500 10 20 15.1 3.9 3.2 0.35
ZN#133 10.2 500 10 20 13.5 24 2.1 0.43
ZN#135 10.4 500 10 20 10.8 0.5 1.9 0.38
ZN#145 10.5 500 10 20 9.9 2.1 2.6 0.37
ZN#149 10.8 500 10 20 9.5 22 1.6 0.38
ZN#154 10.3 500 10 20 12.8 6.0 1.9 0.34
ZN#156 10.2 500 10 20 12.7 1.6 25 0.36
ZN#157 10.0 500 10 20 14.7 54 25 0.38
ZN#158 10.3 500 10 20 7.1 3.6 2.1 0.37
ZN#159 10.5 500 10 20 8.6 34 22 0.39
ZN#160 10.0 500 10 20 11.7 3.0 2.0 0.40
ZN#161 15.0 500 10 20 9.8 24 2.0 0.32
ZN#162 10.3 500 10 20 9.0 27 2.0 0.34
ZN#164 10.3 500 10 20 7.8 3.7 1.6 0.35
ZN#165 10.6 500 10 20 12.5 8.8 1.2 0.41
ZN#168 10.3 500 10 20 9.0 2.6 1.1 0.33
ZN#169 10.7 500 10 20 8.3 3.2 1.5 0.33
ZN#170 10.8 500 10 20 6.3 5.6 1.1 0.32
ZN#171 10.3 500 10 20 10.8 22 1.3 0.38
ZN#172 10.2 500 20 20 9.0 4.0 1.9 0.32
ZN#173 10.9 500 10 20 1.8 1.6 25 0.31
ZN#175 10.1 500 10 20 13.0 2 1.8 0.43
ZN#176 10.6 500 10 20 13.7 34 1.3 0.42
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(continued)

CATALYST POLYMERIZATION POLYMER ANALYSIS

Cat No Cat wt (mg) | Al/Ti ratio | H2 ml | Al/Do ratio | Activity kgPP/gcat | MFI@2.16kg | XS wt% | BD g/cc
ZN#179 10.7 500 10 20 10.2 2.8 1.9 0.27
ZN#180 10.0 500 10 20 11.2 24 23 0.29
ZN#189 10.4 500 10 20 8.3 27 2.0 0.32
ZN#188 10.3 500 10 20 11.3 3.0 1.7 0.36
ZN#191 10.6 500 10 20 10.6 23 1.7 0.32
ZN#192 10.2 500 10 20 11.9 3.2 22 0.37
ZN#193 10.2 500 10 20 9.5 47 1.7 0.33
ZN#194 10.4 500 10 20 9.3 8.6 1.9 0.31
ZN#195 10.7 500 10 20 10.1 3.3 14 0.35
ZN#196 10.0 500 10 20 10.5 42 2.3 0.32
ZN#207 10.8 500 10 20 7.6 7.2 2.9 0.37
ZN#208 10.8 500 10 20 0.8 45 31 0.35
ZN#209 10.8 500 10 20 9.7 31 23 0.37
ZN#288 10.0 500 10 30 55 5.3 3.6 0.45

[0092] Table 3represents the propylene polymerization using different catalyst synthesized using different organomag-
nesium compounds as precursors. The catalysts synthesized under different conditions were found to be active for
propylene polymerization.

Claims

1. A process for  preparation of a solid organomagnesium precursor  having  formula
{Mg(OR’)X}.a{MgX,}.b{Mg(OR’),}.c{R’OH}, wherein R’ is selected from a hydrocarbon group, X is selected from a
halide group, and a:b:cisinrange of 0.01-0.5 : 0.01- 0.5 : 0.01 - 5, said process comprising contacting a magnesium
source with a solvating agent, an organohalide and an alcohol to obtain the solid organomagnesium precursor,
wherein the solvating agent is selected from a group comprising of dimethyl ether, diethyl ether, dipropyl ether,
diisopropyl ether, ethylmethyl ether, n-butylmethyl ether, n-butylethyl ether, di-n-butyl ether, di-isobutyl ether, iso-
butylmethyl ether, and isobutylethyl ether, dioxane, tetrahydrofuran, 2-methyl tetrahydrofuran, tetrahydropyran and
combination thereof.

2. The process as claimed in claim 1, wherein the process is carried out in a single step or multiple steps.

3. Theprocess as claimed in claim 1, wherein the alcohol is added after the reaction of magnesium source with solvating
agent and organohalide; or
wherein the organohalide is added after the reaction of magnesium with solvating agent followed by addition of
alcohol; or
wherein a mixture or the organohalide and alcohol is added after the reaction of magnesium with solvating agent.

4. The process as claimed in claim 1, wherein the solid organomagnesium precursor is stable.
5. The process as claimed in claim 1, wherein the stable solid organomagnesium precursor is isolated from solvating
agent either using reduced pressure with and/or without heating, through precipitation, recrystallization to obtain

the precipitated solid organomagnesium precursor.

6. The process as claimed in claim 5, wherein, the precipitated solid organomagnesium precursor is either used directly
or in solution form for catalyst synthesis, and/or
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the precipitated solid is dissolve in a solvent to obtain a solution form of precipitated solid and the solvent used for
dissolving precipitated solid is selected from a group comprising of polar aliphatic hydrocarbons, non polar aliphatic
hydrocarbons, polar aromatic hydrocarbons, non polar aromatic hydrocarbons and combination thereof.

The process as claimed in claim 5, wherein the precipitation methodology is adopted during any stage of precursor
synthesis.

The process as claimed in claims 5 to 7, wherein the precipitated solid organomagnesium precursor is obtained
either reacting magnesium with organic halide in solvating agent followed by precipitation in the mixture of alcohol
and precipitating solvent, or reacting magnesium with organic halide in solvating agent followed by addition of alcohol
and then precipitating in precipitating solvent.

The process as claimed in claim 1, wherein the magnesium source is selected from a group comprising of magnesium
metal, dialkyl magnesium, alkyl/aryl magnesium halides and mixtures thereof; wherein:

(a) the magnesium metal is in form of powder, granules, ribbon, turnings, wire, block, lumps, chips;

(b) the dialkylmagnesium compounds is selected from a group comprising of dimethylmagnesium, diethylmag-
nesium, diisopropylmagnesium, dibutylmagnesium, dihexylmagnesium, dioctylmagnesium, ethylbutylmagne-
sium, and butyloctylmagnesium; and

(c) alkyl/aryl magnesium halides is selected from a group comprising of methylmagnesium chloride, ethylmag-
nesium chloride, isopropylmagnesium chloride, isobutylmagnesium chloride, tert-butylmagnesium chloride, ben-
zylmagnesium chloride, methylmagnesium bromide, ethylmagnesium bromide, isopropylmagnesium bromide,
isobutylmagnesium bromide, tert-butylmagnesium bromide, hexylmagnesium bromide, benzylmagnesium bro-
mide, methylmagnesium iodide, ethylmagnesium iodide, isopropylmagnesium iodide, isobutylmagnesium io-
dide, tert-butylmagnesium iodide, and benzylmagnesium iodide.

10. The process as claimed in claim 1, wherein the organohalide is selected from a group comprising of alkyl halides,

halogenated alkyl benzene/ benzylic halides having an alkyl radical contains from about 10 to 15 carbon atoms and
mixtures thereof; wherein:

(a) the alkyl halides is selected from a group comprising of methyl chloride, ethyl chloride, propyl chloride,
isopropyl chloride, 1,1-dichloropropane, 1,2-dichloropropane, 1,3-dichloropropane, 2,3-dichloropropane, butyl
chloride, 1,4-dichlorobutane, tert-butylchloride, amylchloride, tert-amylchloride, 2-chloropentane, 3-chloropen-
tane, 1,5-dichloropentane, 1-chloro-8-iodoctane, 1-chloro-6-cyanohexane, cyclopentylchloride, cyclohexylchlo-
ride, chlorinated dodecane, chlorinated tetradecane, chlorinated eicosane, chlorinated pentacosane, chlorinated
triacontane, iso-octylchloride, 5-chloro-5-methyl decane, 9-chloro-9-ethyl-6-methyl eiscosane; and

(b) the halogenated alkyl benzene/benzylic halides is selected from a group comprising of benzyl chloride and
a,a’ dichloro xylene.

11. The process as claimed in claim 1, wherein the alcohol is selected from a group comprising of aliphatic alcohols,

alicyclic alcohols, aromatic alcohols, aliphatic alcohols containing an alkoxy group, diols and mixture thereof; wherein:

(a) the aliphatic alcohols is selected from a group comprising of methanol, ethanol, propanol, butanol, iso-
butanol, t-butanol, n-pentanol, iso-pentanol, hexanol , 2-methylpentanol, 2-ethylbutanol, n-heptanol, n-octanol,
2-ethylhexanol, decanol and dodecanol,

(b) the alicyclic alcohols is selected from a group comprising of cyclohexanol and methylcyclohexanol,

(c) the aromatic alcohols is selected from a group comprising of benzyl alcohol and methylbenzyl alcohol,

(d) the aliphatic alcohols containing an alkoxy group is selected from a group comprising of ethyl glycol and
butyl glycol;

(e) the diols is selected from a group comprising of catechol, ethylene glycol, 1,3-propanediol, 1,4-butanediol,
1,5-pentanediol, 1,8-octanediol, 1,2-propanediol, 1,2-butanediol, 2,3-butanediol, 1,3-butanediol, 1,2-pentane-
diol, p-menthane-3,8- diol, and 2-methyl-2,4-pentanediol.

12. The process as claimed in claim 1, wherein the magnesium source is reacted with the organohalide in a molar ratio

of between 1:20 to 1:0.2, preferably between about 1:10 to 1:0.5, more preferably, between 1:4 to 1:0.5, and
wherein the magnesium source and solvating agent in a molar ratio of between 1:20 to 1:0.2, preferably between
about 1:15 to 1:1, more preferably, between 1:10 to 1:1.
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The process as claimed in claim 1, wherein the magnesium source, organohalide, and solvating agent are contacted
at temperature between about -20°C and about 200°C, and preferably between about -10°C and about 140°C, more
preferably between -10°C to 100°C and contact time is for about 0.5 to 12 h for the formation of a homogeneous
solution of magnesium component in solvating agent.

The process as claimed in claim 1, optionally required a reaction promoters, which is selected from a group comprising
of iodine, the organohalides, inorganic halides, nitrogen halides, and mixture thereof; wherein:

(a) the inorganic halides is selected from a group comprising of CuCl, MnCl,, and AgCl; and
(b) the nitrogen halides is selected from a group comprising of N-halide succinimides, trihaloisocynauric acid,
N-halophthalimide and hydrantoin compounds.

A solid organomagnesium precursor obtained according to the process of claim 1 having formula
{Mg(OR’)X}.a{MgX,}.b{Mg(OR’),}.c{R’OH}, wherein R’ is selected from a hydrocarbon group, X is selected from a
halide group, and a:b:c is in range of 0.01-0.5: 0.01 - 0.5: 0.01 - 5.

Patentanspriiche

1.

Verfahren zur Herstellung einer festen Organomagnesium-Vorstufe der Formel
{Mg(OR’)X}.a{MgX,}.b{Mg(OR’),}.c{R’OH}, wobei R’ aus einer Kohlenwasserstoffgruppe ausgewahltist, X aus einer
Halogenidgruppe ausgewahlt ist und a:b:c im Bereich von 0,01-0,5: 0,01-0,5 : 0,01-5 liegt, wobei das Verfahren
das Kontaktieren einer Magnesiumquelle mit einem Solvatisierungsmittel, einem Organohalogenid und einem Al-
kohol unter Bildung der festen Organomagnesium-Vorstufe umfasst,

wobei das Solvatisierungsmittel aus einer Gruppe ausgewahlt ist, die Dimethylether, Diethylether, Dipropylether,
Diisopropylether, Ethylmethylether, n-Butylmethylether, n-Butylethylether, Di-n-butylether, Diisobutylether, Isobu-
tylmethylether, und Isobutylethylether, Dioxan, Tetrahydrofuran, 2-Methyltetrahydrofuran, Tetrahydropyran und
Kombinationen davon umfasst.

Verfahren nach Anspruch 1, wobei das Verfahren einstufig oder mehrstufig ausgefiihrt wird.

Verfahren nach Anspruch 1, wobei der Alkohol nach der Umsetzung der Magnesiumquelle mit dem Solvatisierungs-
mittel und dem Organohalogenid zugesetzt wird; oder

wobei das Organohalogenid nach der Umsetzung von Magnesium mit dem Solvatisierungsmittel zugesetzt wird,
wonach sich die Zugabe des Alkohols anschlielit; oder

wobei ein Gemisch von dem Organohalogenid und Alkohol nach Umsetzung von Magnesium mit dem Solvatisie-
rungsmittel zugesetzt wird.

Verfahren nach Anspruch 1, wobei die feste Organomagnesium-Vorstufe stabil ist.

Verfahren nach Anspruch 1, wobei die stabile feste Organomagnesium-Vorstufe aus dem Solvatisierungsmittel
unter Anwendung von vermindertem Druck mit und/oder ohne Erwarmen, durch Fallung, Umkristallisation unter
Erhalt der geféllten festen Organomagnesium-Vorstufe isoliert wird.

Verfahren nach Anspruch 5, wobei die gefallte feste Organomagnesium-Vorstufe entweder direkt oder in Losungs-
form zur Katalysatorsynthese verwendet wird und/oder der geféllte Feststoff in Lésungsmittel unter Bildung einer
Lésungsform des geféllten Feststoffes gelost wird und das zum Lésen des gefallten Feststoffes verwendete L6-
sungsmittel aus einer Gruppe ausgewahlt wird, die polare aliphatische Kohlenwasserstoffe, unpolare aliphatische
Kohlenwasserstoffe, polare aromatische Kohlenwasserstoffe, unpolare aromatische Kohlenwasserstoffe und Kom-
binationen davon umfasst.

Verfahren nach Anspruch 5, wobeidie Fallungsmethode beieiner beliebigen Stufe der Vorstufensynthese angewandt
wird.

Verfahren nach den Anspriichen 5 bis 7, wobei die gefallte feste Organomagnesium-Vorstufe erhalten wird entweder
durch Umsetzung von Magnesium mit organischem Halogenid im Solvatisierungsmittel unter anschlieRender Fallung
im Gemisch aus Alkohol und Fallungslésungsmittel oder durch Umsetzung von Magnesium mit einem organischen
Halogenid im Solvatisierungsmittel unter anschlieRender Zugabe von Alkohol und sich daran anschlielender Fallung
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im Fallungslésungsmittel.

Verfahren nach Anspruch 1, wobei die Magnesiumquelle ausgewabhlt ist aus der Gruppe, die Magnesiummetall,
Dialkylmagnesium, Alkyl/Arylmagnesiumhalogenide und Gemische davon umfasst, wobei

(a) das Magnesiummetall in Form von Pulver, Granalien, Bandern, Spanen, Draht, Blécken, Klumpen oder
Chips vorliegt;

(b) die Dialkylmagnesium-Verbindungen aus einer Gruppe ausgewahlt sind, die Dimethylmagnesium, Diethyl-
magnesium, Diisopropylmagnesium, Dibutylmagnesium, Dihexylmagnesium, Dioctylmagnesium, Ethylbutyl-
magnesium und Butyloctylmagnesium umfasst; und

(c) die Alkyl/Arylmagnesiumhalogenide aus einer Gruppe ausgewahlt sind, die Methylmagnesiumchlorid, Ethyl-
magnesiumchlorid, Isopropylmagnesiumchlorid, Isobutylmagnesiumchlorid, tert.-Butylmagnesiumchlorid, Ben-
zylmagnesiumchlorid, Methylmagnesiumbromid, Ethylmagnesiumbromid, Isopropylmagnesiumbromid, Isobu-
tylmagnesiumbromid, tert.-Butylmagnesiumbromid, Hexylmagnesiumbromid, Benzylmagnesiumbromid, Me-
thylmagnesiumiodid, Ethylmagnesiumiodid, Isopropylmagnesiumiodid, Isobutylmagnesiumiodid, tert.-Butylma-
gnesiumiodid und Benzylmagnesiumiodid umfasst.

Verfahren nach Anspruch 1, wobei das Organohalogenid aus einer Gruppe ausgewahlt ist, die Alkylhalogenide,
halogenierte Alkylbenzol/Benzylhalogenide mit einem 10 bis 15 Kohlenstoffatome enthaltenden Alkylrest und Ge-
mische davon umfasst; wobei

(a) die Alkylhalogenide aus einer Gruppe ausgewahlt sind, die Methylchlorid, Ethylchlorid, Propylchlorid, Isop-
ropylchlorid, 1,1-Dichlorpropan, 1,2-Dichlorpropan, 1,3-Dichlorpropan, 2,3-Dichlorpropan, Butylchlorid, 1,4-Di-
chlorbutan, tert.-Butylchlorid, Amylchlorid, tert.-Amylchlorid, 2-Chlorpentan, 3-Chlorpentan, 1,5-Dichlorpentan,
1-Chlor-8-iodoctan, 1-Chlor-6-cyanohexan, Cyclopentylchlorid, Cyclohexylchlorid, chloriertes Dodecan, chlo-
riertes Tetradecan, chloriertes Eicosan, chloriertes Pentacosan, chloriertes Triacontan, Isooctylchlorid, 5-Chlor-
5-methyldecan, 9-Chlor-9-ethyl-6-methyleicosan umfasst; und

(b) die halogenierten Alkylbenzol/Benzylhalogenide aus einer Gruppe ausgewabhlt sind, die Benzylchlorid und
a,a-Dichlorxylol umfasst.

Verfahren nach Anspruch 1, wobei der Alkohol aus einer Gruppe ausgewahlt ist, die aliphatische Alkohole, alicyc-
lische Alkohole, aromatische Alkohole, aliphatische Alkohole mit einer Alkoxygruppe, Diole und Gemische davon
umfasst; wobei

(a) die aliphatischen Alkohole aus einer Gruppe ausgewahlt sind, die Methanol, Ethanol, Propanol, Butanol,
Isobutanol, tert.-Butanol, n-Pentanol, Isopentanol, Hexanol, 2-Methylpentanol, 2-Ethylbutanol, n-Heptanol, n-
Octanol, 2-Ethylhexanol, Decanol und Dodecanol umfasst;

(b) die alicyclischen Alkohole aus einer Gruppe ausgewahlt sind, die Cyclohexanol und Methylcyclohexanol
umfasst;

(c) die aromatischen Alkohole aus einer Gruppe ausgewahlt sind, die Benzylalkohol und Methylbenzylalkohol
umfasst;

(d) die aliphatischen Alkohole mit einer Alkoxygruppe aus einer Gruppe ausgewahlt sind, die Ethylglycol und
Butylglycol umfasst;

(e) die Diole aus einer Gruppe ausgewahlt sind, die Catechol, Ethylenglycol, 1,3-Propandiol, 1,4-Butandiol, 1,5-
Pentandiol, 1,8-Octandiol, 1,2-Propandiol, 1,2-Butandiol, 2,3-Butandiol, 1,3-Butandiol, 1,2-Pentandiol, p-Men-
than-3,8-diol und 2-Methyl-2,4-pentandiol umfasst.

Verfahren nach Anspruch 1, wobei die Magnesiumquelle mit dem Organohalogenid in einem Molverhaltnis von 1:20
bis 1:0,2, vorzugsweise von etwa 1:10 bis 1:0,5 und insbesondere von 1:4 bis 1:0,5 umgesetzt wird und

wobei die Magnesiumquelle und das Solvatisierungsmittel in einem Molverhaltnis von 1:20 bis 1:0,2, vorzugsweise
von etwa 1:15 bis 1:1 und insbesondere von 1:10 bis 1:1 umgesetzt wird.

Verfahren nach Anspruch 1, wobei die Magnesiumquelle, das Organohalogenid und das Solvatisierungsmittel bei
einer Temperatur von etwa -20°C bis etwa 200°C, vorzugsweise von -10°C bis 140°C und insbesondere von etwa
-10°C bis 100°C kontaktiert werden und die Kontakzeit etwa 0,5 bis 12 h fiir die Bildung einer homogenen Ldsung
der Magnesiumkomponente im Solvatisierungsmittel betragt.

Verfahren nach Anspruch 1, wobei gegebenenfalls Reaktionspromotoren benétigt werden, die aus einer Gruppe
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ausgewahlt sind, die lod, die Organohalogenide, anorganische Halogenide, Stickstoffhalogenide und Gemische
davon umfasst; wobei

(a) die anorganischen Halogenide aus einer Gruppe ausgewahlt sind, die CuCl, MnCl, und AgCl umfasst; und
(b) die Stickstoffhalogenide aus einer Gruppe ausgewahlt sind, die N-Halogenidsuccinimide, Trihalogenisocy-
anursaure, N-Halogenphthalimid und Hydantoinverbindungen umfasst.

15. Feste Organomagnesium-Vorstufe, erhalten nach dem Verfahren von Anspruch 1, mit der Formel

{Mg(OR’)X}.a{MgX5}.b{Mg(OR’),}.c{R’OH}, wobei R’ aus einer Kohlenwasserstoffgruppe ausgewahlt ist, X aus einer
Halogenidgruppe ausgewahlt ist und a:b:c im Bereich von 0,01-0,5 : 0,01-0,5 : 0,01-5 liegt.

Revendications

Procédé pour la préparation d'un précurseur de composé organique du magnésium solide de formule
{Mg(OR’)X}.a{MgX,}.b{Mg(OR’),}.c{R’OH}, dans laquelle R’ est choisi parmi un groupe hydrocarboné, X est choisi
parmi un groupe halogénure, et a/b/c est situé dans la plage allantde 0,01 a40,5/0,01a0,5/0,01 a 5, ledit procédé
comprenant la mise en contact d’'une source de magnésium avec un agent de solvatation, un halogénure organique
et un alcool pour que soit obtenu le précurseur de composé organique du magnésium solide,

dans lequel 'agent de solvatation est choisi dans 'ensemble comprenant le diméthyléther, le diéthyléther, le dipro-
pyléther, le diisopropyléther, I'éthylméthyléther, le n-butylméthyléther, le n-butyléthyléther, le di-n-butyléther, le dii-
sobutyléther, l'isobutylméthyléther, et 'isobutyléthyléther, le dioxane, le tétrahydrofurane, le 2-méthyltétrahydrofu-
rane, le tétrahydropyrane et leurs combinaisons.

Procédé selon la revendication 1, lequel procédé est mis en ceuvre en une seule étape ou en de multiples étapes.

Procédé selon la revendication 1, dans lequel I'alcool est ajouté apres la réaction de la source de magnésium avec
I'agent de solvatation et I'halogénure organique ; ou

dans lequel 'halogénure organique est ajouté aprées la réaction du magnésium avec I'agent de solvatation suivie
de I'addition de I'alcool ; ou

dans lequel un mélange de 'halogénure organique et de I'alcool est ajouté aprés la réaction du magnésium avec
I'agent de solvatation.

Procédé selon la revendication 1, dans lequel le précurseur de composé organique du magnésium solide est stable.

Procédé selon la revendication 1, dans lequel le précurseur de composé organique du magnésium solide stable
est isolé de I'agent de solvatation soit par utilisation d’'une pression réduite avec et/ou sans chauffage, soit par
précipitation, soit par recristallisation pour que soit obtenu le précurseur de composé organique du magnésium
solide précipité.

Procédé selon la revendication 5, dans lequel le précurseur de composé organique du magnésium solide précipité
est utilisé soit directement soit sous la forme d’une solution pour la synthése d’un catalyseur, et/ou le solide précipité
est dissous dans un solvant pour que soit obtenue une forme en solution d’'un solide précipité et le solvant utilisé
pour la dissolution du solide précipité est choisi dans 'ensemble comprenantles hydrocarbures aliphatiques polaires,
les hydrocarbures aliphatiques non polaires, les hydrocarbures aromatiques polaires, les hydrocarbures aromatiques
non polaires et leurs combinaisons.

Procédé selon la revendication 5, dans lequel la méthodologie d’'une précipitation est adoptée durant n’importe quel
stage de la synthése du précurseur.

Procédé selon les revendications 5 a 7, dans lequel le précurseur de composé organique du magnésium solide
précipité est obtenu soit par réaction de magnésium avec un halogénure organique dans un agent de solvatation
suivie d’'une précipitation dans le mélange d’alcool et de solvant de précipitation, soit par réaction de magnésium
avec un halogénure organique dans un agent de solvatation suivie de I'addition d’un alcool et ensuite d’une préci-
pitation dans un solvant de précipitation.

Procédé selon la revendication 1, dans lequel la source de magnésium est choisie dans 'ensemble comprenant le
magnésium métallique, un dialkyl-magnésium, les halogénures d’alkyl/aryl-magnésium et leurs mélanges ; dans
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lequel :

(a) le magnésium métallique est sous la forme d’'une poudre, de granules, d’'un ruban, de tournures, d'un fil,
d’un bloc, de morceaux, de copeaux ;

(b) le composé dialkyl-magnésium est choisi dans 'ensemble comprenant le diméthyl-magnésium, le diéthyl-
magnésium, le diisopropyl-magnésium, le dibutyl-magnésium, le dihexyl-magnésium, le dioctyl-magnésium,
I'éthylbutyl-magnésium, et le butyloctyl-magnésium ; et

(c) 'nalogénure d’alkyl/aryl-magnésium est choisi dans I'ensemble comprenant le chlorure de méthyl-magné-
sium, le chlorure d’éthyl-magnésium, le chlorure d’isopropyl-magnésium, le chlorure d’isobutyl-magnésium, le
chlorure de tert-butyl-magnésium, le chlorure de benzyl-magnésium, le bromure de méthyl-magnésium, le
bromure d’éthyl-magnésium, le bromure d’isopropyl-magnésium, le bromure d’isobutyl-magnésium, le bromure
de tert-butyl-magnésium, le bromure d’hexyl-magnésium, le bromure de benzyl-magnésium, l'iodure de méthyl-
magnésium, l'iodure d’éthyl-magnésium, l'iodure d’isopropyl-magnésium, l'iodure d’isobutyl-magnésium, l'io-
dure de tert-butyl-magnésium, et I'iodure de benzyl-magnésium.

Procédé selon la revendication 1, dans lequel I'halogénure organique est choisi dans le groupe comprenant les
halogénures d’alkyle, les halogénures d’alkylbenzéne/benzyliques halogénés ayant un radical alkyle contenant
d’environ 10 a 15 atomes de carbone et leurs mélanges ; dans lequel :

(a) I'halogénure d’alkyle est choisi dans le groupe comprenant le chlorure de méthyle, le chlorure d’éthyle, le
chlorure de propyle, le chlorure d’isopropyle, le 1,1-dichloropropane, le 1,2-dichloropropane, le 1,3-dichloro-
propane, le 2,3-dichloropropane, le chlorure de butyle, le 1,4-dichlorobutane, le chlorure de tert-butyle, le chlorure
d’amyle, le chlorure de tert-amyle, le 2-chloropentane, le 3-chloropentane, le 1,5-dichloropentane, le 1-chloro-
8-iodooctane, le 1-chloro-6-cyanohexane, le chlorure de cyclopentyle, le chlorure de cyclohexyle, le dodécane
chloré, le tétradécane chloré, I'éicosane chloré, le pentacosane chloré, le triacontane chloré, le chlorure d’isooc-
tyle, le 5-chloro-5-méthyldécane, le 9-chloro-9-éthyl-6-méthyléicosane ; et

(b) I'nalogénure d’alkylbenzéne/benzylique halogéné est choisi dans I'ensemble comprenant le chlorure de
benzyle et I'o,a’-dichloroxyléne.

Procédé selon larevendication 1, dans lequel I'alcool est choisi dans I'ensemble comprenant les alcools aliphatiques,
les alcools alicycliques, les alcools aromatiques, les alcools aliphatiques contenant un groupe alcoxy, les diols et
leurs mélanges ; dans lequel :

(a) lalcool aliphatique est choisi dans I'ensemble comprenant le méthanol, I'éthanol, le propanol, le butanol,
l'isobutanol, le t-butanol, le n-pentanol, I'isopentanol, I'hexanol, le 2-méthylpentanol, le 2-éthylbutanol, le n-
heptanol, le n-octanol, le 2-éthylhexanol, le décanol et le dodécanol,

(b) I'alcool alicyclique est choisi dans I'ensemble comprenant le cyclohexanol et le méthylcyclohexanol,

(c) l'alcool aromatique est choisi dans 'ensemble comprenant I'alcool benzylique et I'alcool méthylbenzylique,
(d) l'alcool aliphatique contenant un groupe alcoxy est choisi dans 'ensemble comprenant I'éthylglycol et le
butylglycol ;

(e) le diol est choisi dans I'ensemble comprenant le catéchol, I'éthyléneglycol, le 1,3-propanediol, le 1,4-buta-
nediol, le 1,5-pentanediol, le 1,8-octanediol, le 1,2-propanediol, le 1,2-butanediol, le 2,3-butanediol, le 1,3-
butanediol, le 1,2-pentanediol, le p-menthane-3,8-diol, et le 2-méthyl-2,4-pentanediol.

Procédé selon la revendication 1, dans lequel la source de magnésium est mise a réagir avec I’halogénure organique
en un rapport molaire compris entre 1/20 et 1/0,2, de préférence entre environ 1/10 et 1/0,5, mieux encore entre
1/4 et 1/0,5, et

dans lequel la source de magnésium et I'agent de solvatation sont présents en un rapport molaire compris entre
1/20 et 1/0,2, de préférence entre environ 1/15 et 1/1, mieux encore entre 1/10 et 1/1.

Procédé selon la revendication 1, dans lequel la source de magnésium, I’halogénure organique et 'agent de sol-
vatation sont mis en contact a une température comprise entre environ -20°C et environ 200°C, et de préférence
entre environ -10°C et environ 140°C, mieux encore entre -10°C et 100°C et le temps de contact est d’environ 0,5
a 12 heures pour la formation d’une solution homogéne de composant du magnésium dans un agent de solvatation.

Procédé selon la revendication 1, requérant éventuellement un promoteur de réaction, qui est choisi dans I'ensemble

comprenant l'iode, les halogénures organiques, les halogénures inorganiques, les halogénures d’azote, et leurs
mélanges ; dans lequel :
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(a) 'halogénure inorganique est choisi dans I'ensemble comprenant CuCl, MnCl, et AgCl ; et
(b) 'halogénure d’azote est choisi dans 'ensemble comprenant les N-halogénosuccinimide, un acide trihalogé-
noisocyanurique, un N-halogénophtalimide et les composés d’hydantoine.

15. Précurseur de composé organique du magnésium solide obtenu conformément au procédé de la revendication 1,

de formule {Mg(OR’)X}.a{MgX,}.b{Mg(OR’),}.c{R’OH}, dans laquelle R’ est choisi parmi un groupe hydrocarboné,
X est choisi parmi un groupe halogénure, et a/b/c est situé dans la plage allant de 0,012 0,5/0,01a0,5/0,01 a 5.

24



EP 2 897 966 B1

Figure 1

s b s s

25



EP 2 897 966 B1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European

patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

«  US 4220554 A [0004] «  US 5414158 A [0009]
«  US 4727051 A [0005] .« EP 1273595 A [0010]
.« US 4820672 A [0006] «  US 7135531 B [0011]
«  US 4820879 A [0006] «  US 20090306315 A [0012]
«  US 4792640 A [0007] «  EP 0294354 A [0013]
+  US 5081320 A [0008] .«  EP 1403292 A [0014]
«  US 5108972 A [0008] « WO 1992016533 A [0015]

26



	bibliography
	description
	claims
	drawings
	cited references

